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ABSTRACT 

There are many ways to   explore  Mars. Orb i t e r s  and  landers ,   wi th   rovers ,  
provide a g loba l   v iew,   and   l imi ted   sur face   access .   Other  ways inc lude  
penetrators ,   probes,   bal loons,   g l iders ,   p lanes ,   sample  re turns   and,  of course,  
human e x p l o r e r s .  We can  expect most  of t h e s e  methods t o  be   u sed   i n   t he  
future,  and  each  does  have a unique  advantage.   This   paper   presents   the 
t r a j e c t o r y   r e l a t e d   a s p e c t s  of a miss ion   des ign   for  a low cost  Discovery 
mission  which w i l l  d e l i v e r   s e v e r a l   g l i d e r s   t o   t h e   V a l l e s   M a r i n e r i s  canyon 
region of Mars i n  2003. 

Why g l i d e r s ?  The reason is tha t   t hey  have t h e   r i g h t   c h a r a c t e r i s t i c s   f o r  
a low cost   mission.   For  a science  payload of 1 kg which  could  consis t  of 
several   remote  sensors as well   as  imaging,  they  can  be  very  l ight  weight,   say 
15-25  kg.  Also,   they  can  be  designed  and  tested  in  the  upper  atmosphere of 
the  Earth;   and  require  no propulsion;  with  the  Martian  atmosphere  providing 
maneuverab i l i t y ,   l i f t ,   t empera tu re   con t ro l ,   and   s t ab i l i t y .   A l so   he lp fu l  i s  
t h a t   l i g h t   w e i g h t   g l i d e r   t e c h n o l o g y  i s  a n   a c t i v e   f i e l d ,   p u r s u e d  by 
Aerovironment f o r  example. A t  Mars,  imaging  and s p e c t r a l  measurements  can  be 
made of t h e   s t r a t i g r a p h i c   l a y e r s   i n   t h e  canyon w a l l s   i n   c l o s e   p r o x i m i t y   f o r  
t e n s  of k i lometers .   Gl ider   f l igh t   t ime would  be l i m i t e d   t o  10-15  minutes 
during  which t i m e  d a t a  would  have t o  be r e t u r n e d   t o   t h e   c a r r i e r ,   a n d  from 
there   t ransmi t ted  back to   Ea r th .  

This  mission  poses some chal lenging  mission  design  quest ions which  must 
be  explored.   Firs t ,   wi th   the  Discovery  cost   cap,  i s  t h e r e  a low-cost  launch 
mode which  can  be  used  for  such a small  payload?  Then,  what  Earth-Mars 
t r a j e c t o r y  w i l l  minimize the   ca r r i e r   p rope l l an t   r equ i r emen t s ,  and d e l i v e r   t h e  
g l i d e r s   t o   t h e   d e s i r e d   l o c a t i o n  on Mars ,   and   wi th   acceptab le   l igh t ing  
condi t ions?   F ina l ly ,  what  would  be the   bes t  mode to   r e tu rn   t he   s c i ence   da t a :  
u se   t he   ca r r i e r  as a r e l a y ,   o r  depend on an  in-place Mars o r b i t e r   t o   r e l a y   t h e  
da t a?  These   ques t ions   a re   reso lved   in   the   paper ,   the   f i r s t  of  which w i l l  be 
d e s c r i b e d   b r i e f l y   i n   t h i s   a b s t r a c t .  

Obviously,  the way t o  minimize  launch  costs i s  t o   r i d e   a s  a secondary 
payload on another  mission. A specif ic   launch mode has  been  developed by t h i s  
author   (Ref .  1) which uses  the  Ariane  Structure  for  Auxiliary  Payloads (ASAP) 
of fered  by Ariane 5 which d e l i v e r s  communication s a t e l l i t e s   t o  GEO. A launch 
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from  French  Guiana,  near  the  equator, would p l a c e   t h e   g l i d e r   c a r r i e r   i n t o  a 
geosynchronous  transfer  orbit  (GTO) a f te r   the   p r imary   payload  i s  dropped  off 
a t  GEO ( 3 5 9 0 0  k m  a l t i t u d e )  ~ Compared wi th  LEO, t h i s   h i g h e r   e n e r g y   o r b i t  
would,   under   ideal   condi t ions,   require   the  carr ier   to   'apply  only 1 2 0 0  m / s  t o  
e scape   t o  Mars i n  2003, i n s t e a d  of 3500 m / s .  However, condi t ions  are no t  
i d e a l ,  so a r a t h e r   c i r c u i t o u s   r o u t e  must  be taken.  

The t r a j e c t o r y   s o l u t i o n ,  which  must allow a 2 t o  3 month any-time  Ariane 
l aunch   p r io r   t o   Ea r th   e scape   t o  Mars, r e q u i r e s  a 3-burn f l i g h t   p a t h  which 
includes a lunar   f ree   and  an  Earth powered f lyby.   This  w i l l  be discussed i n  
more d e t a i l  i n  t he   pape r .  The a t t a c h e d   f i g u r e   g i v e s   a n  example  of t h e  
t r a j e c t o r y   p r o f i l e ,  where t h e   f i r s t   b u r n   d e l i v e r s   t h e   s p a c e c r a f t  beyond the  
Moon, the  second a t  apogee t a r g e t s  a r e t u r n   p a t h   t o  a lunar   f lyby,   and  the 
t h i r d ,   c l o s e   t o   E a r t h  i s  the  escape  burn  to Mars. 

The r ema in ing   ques t ions ,   d i scussed   i n   de t a i l   i n   t he   pape r ,   r equ i r e  
o p t i m i z i n g   t h e   E a r t h - t o - M a r s   t r a j e c t o r y   t o   s a t i s f y   t h e  complex a r r i v a l  
cond i t ions .  I t  i s  shown t h a t   o n l y  a 2 - h o u r   v a r i a t i o n   i n   a r r i v a l  t i m e  a t  
Valles Mariner is  i s  p o s s i b l e ,   a n d   t h a t   t h e   g l i d e r s  must be  capable  of an 
azimuth  change  once  they  are  released from t h e   c a r r i e r .  A l s o ,  t h e   a n a l y s i s  
shows t h a t  a planned Mars orbiter  cannot  be  used as a r e l a y   f o r   t h e   g l i d e r s ,  
and t h a t   t h e   g l i d e r   c a r r i e r   c a n  be made t o   p a s s  above the   g l ide   pa th   i n   such  a 
manner t h a t  it can   rece ive   da ta  from severa l   g l iders ,   and   subsequent ly   re lay  
t h e   d a t a   t o   E a r t h   a f t e r  i t  f l i e s  by Mars. 

By a ra re   co inc idence ,   the   da te   se lec ted   for  Mars a r r i v a l  happens t o  be 
the  100th  anniversary,   to   the  day,  of the  Wright brothers   Kit tyhawk  f l ight .  
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